Abstract. Microstructure of the fractured transformer conductor features the mechanism of the failure. The difference of the microstructures in different part of the fractured conductor can be identified by macro observation, SEM and EDS analyses. The macro and micro morphologies, chemical composition are described as parameters for the qualitative analysis of the fracture of the conductor.
Introduction
Flat copper conductor has been widely applied in power transmission and transformation system. The failure of transformer will often accompany with the fracture of copper conductor. Different fracture appearance often related with different failure reason. GB/T 16840.6-2012 Technical determination methods for electrical fire evidence -Part 6: Micro-morphological analysis method using scanning microscope [1] introduces a method for analyzing the electrical evidence of copper wire during fire. In this paper, SEM and other analysis method are applied for the determination on the failure of copper conductor of a220kV transformer.
Macro fracture has been observed by XTL-2300D type stereo microscope to determine the overall appearance and the origin of the fracture. Field emission scanning electronic microscope JSM-6301F has been applied for the observation of micro appearance. EDS has been used to analysis the surface elements. The fracture appearance will not be destroyed or damaged during observation. The sample is easy to prepare and the amplification times can be adjusted continuously with good view depth, high resolution and clear images.
Sample Preparation
Fractured copper conductor has been prepared from a failed 220kV transformer. The sample has been cut and cleaned before further observation.
Macro Observation
Part of the fractured copper conductor has been observed, refers to figure 1. The fractured conductor is bended and the fractured area shows black with impurities. The fractured part is thinning. The outer insulation paper has been burnt with obliviously burnt trace. The fractured conductor has been cut at the position 15mm to the fracture surface by wire-electrode cutting. The fracture surface appearance been observed by stereo-microscope, refers to figure 2. The front surface is uneven with several pits. The back part has layers with melt drops. Damaged trace could be found at the side edge. According to [2] , the appearance shows the feature of the secondary short circuited melted mark. 
SEM and EDS Analysis
The fractured area has been analyzed by SEM and EDS to determine the fracturing process, the original of the fracture and the propagation direction.
SEM Analysis
The melting trace is uneven with several bulges. Few melted drops exists in the back surface. No obviously border between the fracture part and the body of the conductor. No oblivious gas holes exist in the surface. Figure 4 shows the EDS spectrum of the fracture surface without pre-cleaning and Figure 6 shows the EDS spectrum of the surface 8mm from the fracture surface after cleaning and table 3 shows the percentage of the main elements. Carbon and copper are the main elements in the surface. Compared with [3] , the elements distribution comply the feature of the secondary short circuited mark. Figure 5 . Element spectrum of the fracture surface after pre-cleaning. Table 2 . Element percentage of the fracture surface after pre-cleaning. Figure 6 . Element spectrum of the position away from fracture surface after pre-cleaning. Table 3 . Element percentage of the 8mm to the fracture surface.
EDS Analysis

Discussion
When the load of the copper exceeds the yield limit of the copper under high temperature, even plastic deformation will start. The shearing stress is 45° with the tensile stress. This could be verified by figure 2c. The insulation layer of the conductor destroyed after burning, which increase the percentage of carbon and oxygen. From figure 1 , it can be seen that the insulation paper has been burnt with dark materials. This means that the copper is melt after the short Figure 7 shows the welding joint type for welded conductor winding [4] . If welded, adding, materials and addict elements will be found by EDS in the According to the welded conductor, silver, element will be found in the surface. EDS shows no welding materials in the fractured part. 
Summary
1. According to the macro and SEM analysis, the fracture area is partly melted with few surface gas holes distributed on the surface. The fracture surface shows the feature of second circuited melt. 2. The copper and oxygen percentage of the fracture surface comply with the second circuit melted mark feature. 3. No additional elements has been found on the fracture surface by EDS. The fracture position is the body of the copper and not the weld joint.
